Purpose: This systematic review aims to identify and interpret results of studies that evaluated the changes in the physical properties of maxillofacial prosthetic materials (1) without aging, (2) after natural or artificial accelerated aging, and (3) after outdoor weathering. Methods: Relevant articles written in English only, before January 15, 2017, were identified using an electronic search in the PubMed, Scopus, and Google Scholar databases. Furthermore, a manual search of the related major journals was also conducted to identify more pertinent articles. The relevancy of the articles was verified by screening the title, abstract, and full text if they met the inclusion criteria. A total of 37 articles satisfied the criteria, from which data were extracted for qualitative synthesis. Results: Among the 37 included articles, 14 were without aging, 15 were natural or artificial accelerated aging, 7 were outdoor weathering, and 1 contained both artificial aging and outdoor weathering. Only 4 studies out of the 14 without aging had significant observations; whereas 9 articles with natural or artificial aging published significant results, and 3 out of 7 outdoor weathering articles showed significant changes in the evaluated silicone elastomers. Conclusions: Despite the varying research, it seems that the single "ideal" maxillofacial prosthetic material that can provide sufficient resistance against different aging conditions is yet to be identified. Therefore, it is imperative for standardization organizations, the scientific community, and academia to develop modified prosthetic silicones possessing improved physical properties and color stability, limiting the clinical problems regarding degradation of maxillofacial prostheses.
Humans have searched for the ideal material for prosthetic rehabilitation of patients with orofacial defects since the beginning of recorded history. Facial prostheses in their earliest forms were constructed of wood, ivory, wax, and metals. 1 Maxillofacial prosthetic materials must possess favorable properties that will promote their success. Silicone elastomers for external prostheses were first used by Barnhartl in 1960 and since then have become the materials of choice. 2 Generally, a maxillofacial prosthetic material must possess and maintain physical and mechanical properties comparable to the tissue they are replacing and be compatible with adhesives used to retain the prosthesis with the tissue. Therefore, it is important that the raw materials used in the fabrication of the prosthesis must possess certain ideal properties that will determine the ultimate properties of the finished prosthesis. 3 In 1980, Lewis and Castleberry 4 suggested certain desirable properties for maxillofacial prosthetic materials.
Silicones are far from ideal, despite their wide use, because of the need for frequent replacement as early as 6 months. They can last up to 24 months in service due to deterioration in physical and mechanical properties, color instability, and delamination of the retentive substrate. [5] [6] [7] Numerous studies have evaluated these problems by investigating physical properties (i.e., tensile strength, tear strength, percentage elongation, and hardness), bonding, and color stability in simulated environmental conditions like accelerated artificial daylight radiation and outdoor weathering.
This systematic review aims to identify and interpret results of studies that evaluated the changes in the physical properties of maxillofacial prosthetic materials (1) without aging, (2) after natural or artificial accelerated aging, and (3) after outdoor weathering. The null hypothesis of this study was that there is no effect of aging and weathering conditions on the evaluation of physical properties (tensile strength, tear strength, percentage elongation, and hardness) of maxillofacial prosthetic silicones.
Methods

Selection criteria
The following PICO model was adopted: Population: Roomtemperature vulcanizing (RTV) silicones for maxillofacial prosthetic rehabilitation. Intervention: Evaluation of physical properties (tensile strength, tear strength, percentage elongation, and hardness) without aging; after natural/artificial/accelerated aging; and under outdoor weathering. Comparison: The abovementioned aging and weathering conditions served as their own comparators. Outcome: Changes observed in physical properties of different maxillofacial materials due to aging and weathering conditions. The PICO question was: In RTV maxillofacial silicones, is physical property (tensile strength, tear strength, percentage elongation, and hardness) evaluation affected by different forms of aging conditions and outdoor weathering?
Data sources
An electronic search in the PubMed, Scopus, and Google Scholar databases was conducted to identify studies related to effect of aging and weathering on the physical properties of maxillofacial silicone elastomers using "physical properties" or "mechanical properties," "aging" or "weathering," and "maxillofacial" or "facial" or "silicone elastomers" as keywords. A further electronic search was performed in the following major prosthodontic, biomaterial, and research journals: Journal of Prosthodontics, Journal of Prosthetic Dentistry, Advanced Journal of Prosthodontics, International Journal of Prosthodontics, Dental Materials, Polymer Degradation and Stability, and Journal of Dental Research using the previously mentioned keywords. Moreover, citations within references of articles from these journals were searched to identify more relevant studies. Table 1 summarizes the inclusion and exclusion criteria. The study selection flowchart is shown in Figure 1 .
Study selection
The initial literature search was conducted by one of the authors and reviewed for removal of duplicate articles or papers irrelevant to the research question. After preliminary screening, the remaining potential studies were assessed by two investigators independently. The scope of any disagreement was resolved by the evaluation of the interobserver agreement using Kappa concordance analysis (Kappa value = 0.270). The reasons for exclusion were noted according to the inclusion and exclusion criteria (Table 1) . Eventually, the 37 selected articles were chosen considering our aforementioned PICO question and inclusion and exclusion criteria table.
Data analysis
The data analysis in this systematic review was limited to the simple descriptive measures of the effect of natural or artificial aging conditions and outdoor weathering on the change in physical properties of silicone elastomers for maxillofacial prostheses. Linear correlation test and meta-analysis by Forest plot was performed.
Results
The electronic search methodology found 120 publications after the removal of duplicates. After an extensive screening conducted by the authors considering the titles, abstracts, and full texts where applicable, 37 articles satisfied the criteria (Fig 1) . The selected articles and their significance are summarized in Tables 2 to 4 .
Articles depicting physical property evaluation without aging (Table 2) In 1969, Cantor et al 8 studied methods of quantitatively measuring color analysis, durability, and dimensional stability of three elastomers, thus beginning the establishment of testing criteria for maxillofacial materials. In 1975 Koran and Craig 9 evaluated then-currently-used maxillofacial materials through a series of research reports. The "dynamic" properties of selected silicone elastomers, plasticized polyvinyl chloride (PVC), and polyurethane were investigated at temperatures ranging from -15°C to 37°C. Thus they added another dimension to the scientific evaluation of maxillofacial materials. In the next year, Firtell et al 10 familiarized the scientific community with the concept of uniting materials to get improved properties. They mixed conventional RTV silicone with RTV silicone foam, producing lighter-weight prostheses. Unfortunately, along with the lighter weight, the strength of the elastomer decreased as well.
Moore et al surveyed 75 companies and institutions 11 in 1977 in an effort to discover new materials for maxillofacial prostheses. Among the few who responded to the queries, only one company had products worthy of evaluation. The materials examined were MDX-4-4210 elastomer (Dow Corning, Midland, MI), unmodified and thinned with 360 medical fluid, and Silastic 382 medical grade elastomer (Dow Corning). "O-ring" specimens were introduced for the first time in this study for tensile stress-strain testing. These did not require the use of special clamps or end-bonded grips, minimizing the chance of crack propagation and premature specimen failure. Moore et al concluded their study by indicating that MDX-4-4210 is a promising material with significant potential for use in maxillofacial prosthetics.
In 1984, after comparing MDX-4-4210 with a new material, polydimethyl siloxane, Abdelnnabi et al 12 concluded that even though the new material had significant differences in tensile strength, tensile modulus, tear resistance, hardness, and percent elongation, MDX-4-4210 still remained the material of choice due to its easy manipulation and the fact that its consistency could be modified by adding silicone fluid. In 1985, Wolfaardt et al 13 compared the physical properties of a new silicone material, Cosmesil, developed specifically for facial prostheses Records aŌer duplicates removed (n =120)
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Studies included in qualitaƟve synthesis (n = 37) with Silastic 382, MDX-4-4210, and a third silicone elastomer under the trade name Silskin. Cosmesil was designed to be administered with varying levels of hardness and was examined in the hardest and softest consistencies. The study suggested that Cosmesil was superior to the other materials tested in all properties.
In the same year, Kouyoumdjian et al 14 investigated MDX-4-4210 for its mechanical properties before and after modification with 360 medical fluid. Three concentrations (5%, 10%, and 15%) by weight were added to the base material. The evaluated properties (tensile strength, ultimate elongation, tear resistance, and hardness) decreased in a linear fashion as the percentage of the medical fluid was increased. Bell et al 15 in the same year evaluated four experimental RTV silicone elastomers (Q7-4635, Q7-4650, Q7-4735, SE-4524U), relating their physical properties with those of an HTV silicone (Silastic 4-4515) and with previous similar test results of MDX-4-4210 and Silastic 4-4514. The physical properties tested were tensile strength, tear strength, and percent elongation. The new materials were superior to previous test results for MDX-4-4210 and 4-4514 in all properties tested. They were also found to be harder than the previously tested materials.
In 1994, Polyzois et al 16 evaluated some clinically vital physical characteristics of two RTV silicones, A-2186 and Silbione 71556, and one high-temperature vulcanizing (HTV) material, Mollomed. The materials were also examined for their potential 28 he concluded that both these facial elastomers had favorable criteria to be used as maxillofacial materials, but that neither was superior to the other in the properties tested.
In 2003, Aziz et al 18 assessed five commercially available maxillofacial silicone elastomers to determine their tear strength, tensile strength, percentage elongation, hardness, water absorption, and water contact angles. Unfortunately, none of the materials tested possessed the ideal characteristics for use as a facial prosthetic material; however, the Factor II product (A-2186) showed more promise than other elastomers as a result of its tear strength, ease of manipulation, and softness.
In 2008, Han et al 19 used different concentrations (0.5%, 1.0%, 1.5%, 2.0%, 2.5%, or 3.0% by weight) of three nanosized oxides, titanium (Ti), zinc (Zn), and cerium (Ce), to evaluate their effect on the mechanical properties of a commercially available silicone elastomer (A-2186). The authors reported that the 2.0% and 2.5% groups of all nanosized oxides showed significantly improved tensile and tear strengths, percent elongation, and hardness as compared to the control group. Therefore, they concluded that incorporation of the mentioned nano-oxides to enhance the physical properties of A-2186 is dependent on the concentration, not the choice of oxides.
Hatamleh and Watts 20 introduced a new aspect in investigating the mechanical properties of three facial silicone elastomers (TechSil S25, Cosmesil M511, Cosmesil Z004) by evaluating shear bond strengths of these elastomers to primed acrylic resin surfaces in addition to tear and tensile strengths, elongation percentage, modulus of elasticity, and hardness. The three silicones evaluated all had favorable properties to be used as maxillofacial prostheses; however, Techsil S25 displayed a better balance of high tensile strength and percentage elongation, and comparable tear strength and hardness. Cosmesil Z004 showed more resistance to shear debonding. One significant outcome from this study was the appropriate correlation of the shear bond strength, tear strength, and Shore A hardness of the three silicones.
In that same year Begum et al 21 conducted a study to analyze the tear and tensile strength, percentage elongation, hardness, and water absorption of three commercially available maxillofacial materials. Unfortunately, like many other previous research, no significant result could be drawn that proved that at least one of the silicones examined possessed the ideal characteristics for use as facial prosthetic material; however, Cosmesil high compliance seemed to have shown favorable properties among the three materials tested within the limitations of this study.
Articles depicting physical property evaluation after natural/artificial/accelerated aging (Table 3) In 1972, Sweeney et al 22 performed a series of investigations evaluating different properties so that the weakest properties could be enhanced in the future. A suggestion was made for a tentative table of specifications for properties of facial elastomers as a direct result of their research. An artificial weathering environment was used for the first time in this study to measure aging of materials.
Yu and Koran 23 tested dimensional stability of four silicone materials (Silastic 382, Silastic 399, Silastic 44210, Silastic 44515), PVC, and polyurethane before and after being subjected to accelerated aging. All the silicones exhibited very good dimensional stability before and after aging, with 0.22% to 0.26% being their range of permanent deformations. PVC showed 13.80% permanent deformation before aging and 14.24% after being kept in the weatherometer for 900 hours. Polyurethane, which showed good dimensional stability before aging (0.36%), disintegrated after 600 hours of aging in the weatherometer.
In 1980, Yu et al 24 continued to investigate the physical properties of three RTV silicones (Silastic 382, Silastic 399, MDX-4-4210), one HTV silicone (Silastic 4-4515), PVC, and polyurethane before and after accelerated aging. Ultimate tensile strength, percent elongation, shear strength, tear energy, and Shore A hardness were evaluated. Polyurethane elastomer was severely degraded subsequent to 600 hours of aging. The remaining materials were not significantly affected by 900 hours of accelerated aging. Displaying the largest change, PVC showed a fall of 17% in shear strength. Silastic 4-4515 exhibited the best overall stability, but MDX-4-4210 was considered the best choice among the products tested due to its ease of manipulation and processing factors. In the same year, Yu et al 25 performed another test of MDX-4-4210 integrating 11 maxillofacial pigments. The specimens examined showed little or no change in physical and mechanical properties after 900 hours of accelerated aging in the weatherometer. They concluded by saying that incorporation of pigments can vary physical and mechanical properties, but the minor changes observed in this study were insignificant, reducing the clinical relevancy of the material.
In 1984, Turner et al 26 compared MDX-4-4210 with another commercially available isophorone polyurethane material, Epithane-3, before and after accelerated aging. Results pointed to superiority of Epithane-3 over MDX-4-4210 in some respects, but showed a disintegration after 700 hours in the weatherometer.
In 1993, Polyzois and Andreopoulos 27 conducted a study to evaluate a few clinically significant physical properties of a new maxillofacial elastomer, Cosmesil HC2. The new material was compared with Silskin II and Cosmesil SM4 after exposing them to ultraviolet (UV) radiation. Cosmesil HC2 exhibited good tensile properties, even though it is a resilient material, and did not display any significant change after weathering irradiation.
In the next year Dootz et al 28 studied the physical properties of MDX-4-4210, Factor II (A-2186), and Cosmesil before and after accelerated aging by putting the specimens in a weatherometer device for 900 hours. They summarized the results of the study, saying no single material was superior to the others in all properties tested, but all of them had reasonable characteristics that made them suitable as maxillofacial prosthetic material; however, the authors mentioned some of the significant outcome of their results in conclusion. For instance, accelerated aging left MDX-4-4210 unaffected under all test conditions, but its tensile and tear strength were less than A-2186 and Cosmesil. Furthermore, A-2186 was the strongest, and its tensile strength was unaffected after aging in the weatherometer. Cosmesil was most affected by artificial aging, but showed considerably high tear strength than the other two elastomers.
Also in 1994, Mohite et al 29 evaluated the tear propagation and resistance of Silastic MDX-4-4210, Cosmesil, and Epithane-3 after subjecting them to UV radiation, simulated Figure 3 The number of studies evaluating effect of aging on silicone physical properties has increased since 1969. sebum, ozone, chlorine, and nitrogen dioxide. Statistically significant differences were observed in the tear patterns of silicones and polyurethane. The study concluded that MDX-4-4210 was least affected by the artificially simulated environmental factors. In 2007, Eleni et al 30 investigated the compressive and thermal properties of four silicone materials (Episil Europe 1, Europe 2, Europe 3, Africa 3) after being exposed to solar radiation (UVA, UVB) for eight time periods (from 8 to 168 hours). The materials' maximum stress and strain, elasticity, and stability significantly with increasing irradiation time. The authors concluded that solar radiation had a significant effect on these materials' structural stability. Two years later, Eleni et al 31 conducted a similar experiment, with four different silicone elastomers (Elastomer 42, Tech-Sil 25, Cosmesil M511, CPE) than in their previous study. The inclusion of tensile and hardness test was another important variance between the two studies. This second study concluded that significant changes were observed between the unirradiated and irradiated specimens. In 2010, Guiotti et al 32 evaluated the hardness of Silastic MDX-4-4210 after indoor storage periods of 6 months and 1 year. The authors conclusively determined that the Shore A hardness of the silicone material showed statistically significant differences between onset and 6 months of storage.
In 2011, Hatamleh et al 33 examined the effect of extraoral human and different environmental conditions (dry storage for 24 hours; dry storage in dark for 6 months; storage in simulated sebum solution for 6 months; storage in simulated acidic perspiration for 6 months; accelerated artificial daylight aging under controlled moisture for 360 hours; outdoor weathering for 6 months; storage in antimicrobial silicone-cleaning solution for 30 hours; and mixed conditioning of sebum storage and light aging for 360 hours) on the mechanical properties (tensile strength and modulus, elongation, tear strength, hardness) of maxillofacial silicone elastomer Techsil S25. They concluded that the mechanical properties were adversely affected by human and environmental factors, mostly by the combination of simulated sebum under accelerated daylight aging; however, the result did not reflect real practice because both sebum and daylight concentration are much lower in real life. That same year, Polyzois et al 34 investigated the effect of time (natural aging in dark for 1 year) on the physical properties (tensile strength, modulus of elasticity, elongation at break, hardness, tear strength, color stability) of two silicone elastomers (Silasto 30, Premium 2). They concluded that the modulus of elasticity, elongation at break, and hardness showed significant changes, whereas the tensile and tear strength were not significantly changed.
Goiato et al 35 conducted a very useful and interesting study evaluating the effect of pigments, disinfection, and accelerated aging on the hardness and deterioration of a facial silicone MDX-4-4210 in 2012. They evaluated the effects of disinfection (using Efferdent original denture cleanser and neutral soap) and aging on Shore A hardness and deterioration of the material with two different pigmentations (ceramic powder, make-up powder). The specimens were subjected to accelerated aging for 1008 hours and disinfected three times per week. Hardness and deterioration were evaluated at baseline, after chemical disinfection, and periodically during accelerated aging (252, 504, and 1008 hours). As a general conclusion it was believed that pigments, disinfection and time statistically increased both hardness and deterioration of the silicone; however, more specifically, the pigmented specimens had higher hardness and deterioration values than non-pigmented ones. That said, all of the hardness values obtained in this study were in the favorable range of clinical applications.
In 2013, Nguyen et al 36 investigated the effect of two commonly used opacifiers (titanium white dry pigment [TW], silicone intrinsic white [SW] ) and a new opacifier (UV mineral-based light-protecting agent [LP]) combined with pigments on the physical properties of MDX-4-4210/Type A silicone elastomer before and after artificial aging. Shore A hardness was the lowest for LP with all five pigments and the control, followed by SW and TW after accelerated aging. Tear strength, tensile strength, and elongation decreased significantly following accelerated aging for LP, whereas changes for SW and TW varied depending on the pigment.
In 2014, Wang et al 37 conducted a novel study investigating the outcome of titanium dioxide (TiO 2 ) nanoparticles on the mechanical and anti-aging properties of a medical grade silicone elastomer (MDX-4-4210) and determining this combination's biocompatibility. MDX-4-4210 was mixed with 2%, 4%, and 6% (w/w) of TiO 2 . Afterwards, the tensile and tear strength, elongation at break, and Shore A hardness were examined before and after the specimens were subjected to three anti-aging tests (thermal aging, UV aging, stress fatigue). Scanning electron microscopy (SEM) analysis was also used. The biocompatibility of the composite was evaluated using cytotoxicity testing (MTT assay). This study introduced a unique maxillofacial silicone elastomer combined with TiO 2 and showed that the 2% concentration composition resulted in a material of improved physical properties; however, the 6% composite showed significant reduction in the tear strength and elongation at break. The overall silicone-TiO 2 nanoparticles mixture not only conferred ideal values of Shore A hardness but also displayed improved anti-thermal aging properties. The shortterm biocompatibility of the composite proved to be the only major drawback of this study.
Articles depicting physical property evaluation after outdoor weathering (Table 4)
In 1992, Haug et al 38 investigated Shore A hardness, tear strength, ultimate tensile strength, and percent elongation of four presently used and two newly introduced facial prosthetic materials subjecting them to seven environmental variables (two types of adhesives, two types of cleaning agents, and cosmetics) in addition to the usual natural weathering and normal aging. Silastic 4-4515 proved to be the strongest material, followed closely by A-2186 and 4-4210, whereas A-102 turned out to be the weakest material; however, based on the effect of the environmental variables, Epithane-3 was the most and Type A Medical Adhesive material was the least affected. Nevertheless, the authors concluded that not even one material evaluated in the study fulfilled the ideal characteristics of a maxillofacial prosthetic material proposed by Lewis et al in 1980. In 1999, Haug et al 39 published a paper introducing the evaluation of physical properties of some common colorantelastomer combinations for clinical prostheses as a result of weather exposure. They investigated three silicone elastomers (Silastic medical adhesive type A, Silastic 4-4210, Silicone A-2186) and six colorant combinations (dry earth pigments, rayon fiber flocking, artist's oil paints, kaolin, liquid cosmetics, nocolorants) for a total of 540 specimens studied under three test condition groups (control, time passage, outdoor weather exposure). Two types of specimens were fabricated, one dumbbellshaped tested for ultimate tensile strength and percentage elongation, and the other trouser-shaped for tear strength and hardness. Physical properties of the control group specimens were examined within 1 month of fabrication, whereas the time passage and natural weathering groups were exmined after 6 months. The differences between the latter two groups were their exposure to environment. The time passage specimens were kept in the dark inside sealed glass containers, while the natural-weathering groups were exposed to sunlight and weathering on the roof of the dental school. The research concluded that effects of weathering were altered by the addition of colorants to the silicone, and that physical properties change with time, irrespective of outdoor weathering.
In 2009, Eleni et al 40 incorporated mathematical modelling in studying the mechanical behavior of four maxillofacial prosthetic silicones after the effect of 1-year irradiation in outdoor weathering. Hardness, tensile, and compression tests were performed before and after natural weathering for 1 year. Afterwards, results of the tests were used to formulate mathematical models to correlate the investigated physical properties with the exposure time. It was proven from the differences in the mathematical model parameters that physical properties changed as irradiation time increased. The study concluded that Elastomer 42 and Techsil 25 turned harder with time, as opposed to Cosmesil m511 and chlorinated polyethylene that became softer.
In 2011, Eleni et al 41 conducted another study similar to the 2009 study, 40 with exception of using only one silicone elastomer, Elastomer 42, and this time weathering in two locations instead on one. They also introduced nanoindentation analysis for better understanding of the changes observed in the mechanical behavior of the silicone after weathering. Mathematical models were fitted to the experimental data as in the previous study. As irradiation time increased, more changes were observed, as suggested by the mathematical model parameters. Furthermore, significant differences were detected in nearly all measured properties (i.e., tensile and compression strength, modulus of elasticity, elongation at break, nanohardness) among the specimens in the two weathering locations.
The authors suggested that the changes in mechanical behavior occurred due to photodegradation and hydrolysis that might have happened due to weathering. Analysis of the theoretical approaches in this study suggests an increase in the elastomer network density that resulted in making the material harder. Moreover, as cross-linking made specimens lose their elasticity and become harder with a rise in network density, Eleni et al proposed it might be possible that this is a dominant mechanism occurring in the particular silicone during irradiation.
In the same year Hatalmleh et al 33 conducted a study examining the effect of both artificial and outdoor weathering on the mechanical properties (tensile strength and modulus, elongation, tear strength, hardness) of maxillofacial silicone elastomer Techsil S25. This study is described in detail in the previous section of articles depicting physical property evaluation after artificial aging. In 2012, Kheur et al 42 published another article evaluating M 511 and Z004 silicone elastomers regarding their hardness property after outdoor weathering. Although both the materials showed hardening after weathering, these results were not statistically significant.
In 2015, Al-Harbi et al 43 compared the effect of outdoor weathering on the color stability and physical properties (tear and tensile strength, modulus of elasticity, elongation percentage) of three facial silicones. Eight specimens from each of the three silicone elastomers were exposed to outdoor weathering and tested for tear strength and consecutively compared with their controls, which were kept in the dark for the same 6-month time period. Similarly, tensile strength was evaluated with another set of specimens. Color stability was investigated with pigmented and non-pigmented specimens using a spectrophotometer after 6 months of outdoor weathering. All the silicone materials were affected by weathering both physically and in coloring; however, compared with the other two, Techsil S25 exhibited better color stability and physical property durability. The same year Willett and Beatty 44 assessed the durometer hardness, tensile property, and color of four unpigmented elastomers with different durometer hardness and also unpigmented A-2186 after 3000 hours of outdoor weathering and time passage. Outdoor weathering produced relatively small changes in color, durometer hardness, or tensile properties compared with time passage, with a few exceptions.
Discussion
Increase in recent publications on the variance of aging conditioning Since 1969, 37 articles were published in total, according to our inclusion criteria. Of these articles 17 articles were published since 2000, [18] [19] [20] [21] [30] [31] [32] [33] [34] [35] [36] [37] [40] [41] [42] [43] [44] indicating an increase in the number of publications in recent years. The correlation coefficient (r = 0.957) indicates a rapid linear increase in the number of published articles since 1969 (Fig 2) . The aforesaid increase is indicative of the attention and continued improvements needed in the field of maxillofacial prosthetic material properties.
Most of the research conducted from 1969 to 1999 performed mechanical property testing at baseline without aging. Ten studies conducted their physical property measurements without any aging, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] eight tested the properties after any natural/artificial/accelerated aging, [22] [23] [24] [25] [26] [27] [28] [29] and only two included outdoor weathering effect (Fig 3) . 38, 39 However, with progression of time the scenario seems to have changed. From 2000 to 2015, the number of articles without any aging dropped significantly, while studies conducted after any natural/artificial/accelerated aging and those that incorporating outdoor weathering had risen. The number of studies without any aging decreased to four from ten, [18] [19] [20] [21] while articles including artificial or natural aging remained the same (8) . [30] [31] [32] [33] [34] [35] [36] [37] That said, studies with outdoor weathering had increased to six from only two. 33, [40] [41] [42] [43] [44] The most recent publications (from 2010 to 2015) according to the inclusion criteria also showed a rise in the number of studies having natural/artificial aging and outdoor weathering effect compared to without aging. In contrast to only two articles published without any aging, 20, 21 six articles with natural/artificial/accelerated aging and five studies after outdoor weathering had been published since 2010 (Fig 3) . [32] [33] [34] [35] [36] [37] [41] [42] [43] [44] This rise in published articles incorporating the effect of outdoor weathering and accelerated aging reflects the concern for advancements in silicone properties under weathering or aging effects to enhance the clinical shelf life of prostheses.
Meta-analysis of effect of aging condition on mechanical properties
The meta-analysis was conducted using five studies, where two were included from the outdoor weathering articles, two from the accelerated aging section, and one contained both outdoor weathering and accelerated aging. 33, 36, 37, 39, 43 Three studies that included outdoor weathering tested its effect on the mechanical properties of MDX-4-4210, A-2186, and Techsil S25 silicone elastomers. In addition to these, two articles that evaluated the effect of accelerated aging on the physical properties of MDX-4-4210 were included. The tensile strength properties of all the mechanical properties were selected for the meta-analysis, as this property is most crucial for the clinical serviceability of the prostheses.
45 Figure 4 shows the results for the meta-analysis comparing the effect of outdoor weathering and natural/artificial/ accelerated aging on the tensile strength properties of specific maxillofacial silicone elastomers (MDX-4-4210, A-2186, Techsil S25). The meta-analysis of the five studies together favored the case group, with an effect size of 0.497, 95% confidence interval (CI) between 0.231 and 1.073 (i.e., tensile strength properties of case groups of the abovementioned facial silicone elastomers were affected by outdoor weathering and accelerated aging). Thus, a change was observed in the tensile strength readings of the case groups after outdoor weathering and accelerated aging compared to the control groups, which were kept in the dark for the same time period; however, the forest plot confirms that the change was not statistically significant, as indicated by the diamond crossing the vertical line.
In the subgroup analysis for studies evaluating the effect of outdoor weathering on the tensile strength properties of maxillofacial silicone elastomers, case groups were favored, with an effect size of 0.317, and a 95% confidence interval between 0.137 and 0.733 (Fig 5) . Two of three studies incorporating the outdoor weathering evaluation show statistically significant results favoring the case groups as their point estimate, and the 95% confidence interval does not cross the vertical line and is on the case group side of that line. Additionally, case groups were also favored in the subgroup analysis for studies investigating the effect of natural/artificial/accelerated aging on the tensile strength properties of maxillofacial silicone elastomers, with an effect size of 0.471, and 95% confidence interval ranging from 0.175 to 1.266 (Fig 6) , although the results were not statistically significant, as the diamond figure crossed the vertical line.
Limitations of this review
Limitations of this review should be noted. Specifically, all the studies varied in the silicone elastomers being investigated, the standards followed in fabricating test specimens, the investigational testing protocols, and the specifications used in setting simulated aging conditionings (different artificial aging conditions) or outdoor weathering locations or no aging at all.
Conclusions
This systematic review with meta-analysis indicates that many studies have been executed on mechanical or physical properties of maxillofacial prosthetic materials. The variations in the studies are noted above. Despite the variety of research, it seems that the single "ideal" maxillofacial prosthetic material is yet to be identified. Moreover, maxillofacial prosthodontists worldwide still face problems with the serviceability and durability of facial prostheses. Very limited research exists on the suitability and durability of maxillofacial silicone elastomers in Asian countries, especially the ones with hot and humid environments. Therefore, it is imperative for the standardization organizations, the scientific community, and academia to develop some modified or composite prosthetic silicone elastomer possessing improved physical property and color stability, if not ideal, at least limiting the clinical problems regarding maxillofacial prostheses.
